Core-shell bimetallic nanoparticles (NPs) have novel catalytic, optical and electronic properties compared to their monometallic equivalents [1] . These catalytic properties can be controlled by finetuning chemical composition, surface oxidation, structure and dimension [2, 3] . In fact, segregation in the core-shell structure has been demonstrated as a potential route of tuning the NPs catalytic properties through in situ gas reaction studies [4] . However, experimental evidence of elemental distributions during reactions is necessary to confirm this hypothesis. Here we have used in situ imaging and spectroscopy techniques provide direct evidence of the structural and elemental changes which occur in these NPs during reactions. Oxidation and reduction at 0.3 Torr in O 2 and H 2 gas at 220°C and 270°C, respectively, of the core-shell Ni-Co nanoparticles (NPs) were performed in two cycles in using both an environmental transmission electron microscope (ETEM) and an ambient pressure x-ray photoelectron spectrometer (AP-XPS). These NPs (diameter of 25 nm) were dispersed in hexane and drop-casted on SiN and Si grids for the in situ studies. An aberration-corrected FEI Titan ETEM microscope with a Gatan parallel electron energy loss spectrometer (EELS) operated at 300KV was used for simultaneous imaging, selected area electron diffraction (SAED) pattern and EELS acquisition. SAED patterns and EELS maps provided the structural and elemental distributions of Ni and Co within the particle for quantitative analysis. Figure 1 shows the change in the surface structure of core-shell nanoparticles during the two cycles of oxidation (I-O2 and III-O2) and reduction (II-H2 and IV-H2) in the ETEM [5] . Small clusters (marked with arrows in Figure 1 ) formed after the 1 st reduction cycle and remained on the surface until the end of the experiment. These clusters were identified as cobalt oxide based on the acquired EELS maps (Figure  2a-b) . Such results correlate with the increase in Co peak area observed during the 1 st cycle of reduction using the surface-sensitive technique of XPS [6] (Figure 2c ). Further oxidation and reduction of the particles, labeled III-O2 and IV-H2, respectively, led to detection of Ni species at the surface of the particles (via EELS, Figure 3a and b) and which is correlated to an increase in Ni XPS peak area ( Figure  3c ). These results clearly show a reaction-driven restructuring of the core-shell NPs by Ni segregation during the 2 nd reduction cycle. Quantitative analysis of the EELS results is underway to identify the valence states during the oxidationreduction reactions. Correlation of the core-shell reconstruction with the electronic structure changes from ETEM and AP-XPS will be provided to obtain the optimum reaction conditions, i.e., catalytic properties, of the Ni-Co core-shell NPs in challenging reactions such as selective CO 2 reduction [7] .
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